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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a polyimide layer 
having excellent mechanical characteristic and heat 
resistance and provide high peeling strength, by forming 
a polyimide layer with a specific aromatic polyimide layer 
and a copper layer, such that the two layers are in direct 
contact and the layer has a specific peeling strength 
between the two layers. ' 

SOLUTION: The double-layer flexible print substrate 
comprises an aromatic polyimide layer expressed by a 
formula and a copper layer. The aromatic polyimide layer 
and the copper layer are in direct con tact. The pee ling 
strength between the two layers is^^/cmorgreater? 
Preferably, the thickness of the copper layer is 1 micron 

or greater, and more preferably, from 2 to 100 microns. If x x i i : 

the thickness is less than 1 micron, various performances upon wiring on the print substrate 
may be lowered. Preferably, the thickness of the polymide layer is 1 micron or greater, and 
more preferably, 5 microns or greater. If the thickness is less than 1 micron, the strength of 
the substrate may be insufficient. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 . In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the bilayer flexible printed circuit board which it consisted of a bilayer of the layer of 
aromatic polyimide, and a copper layer which has the following structure expression (1), and this bilayer 
has touched directly, and is characterized by the peel strength between bilayers being 1 or more kg/cm. 
[Formula 1] 




(l) 



[Claim 2] The manufacture approach of the bilayer flexible printed circuit board characterized by 
containing as a solute the salt which consists of tetracarboxylic acid shown in the diamine shown in the 
following structure expression (2), and the following structure expression (3), applying the polyimide 
precursor solution whose solute concentration is 20 % of the weight or more and, whose viscosity is 
SOpoise or less on copper foil, and subsequently carrying out imide inversion of the above-mentioned 
polyimide precursor. 
[Formula 2] 




[Claim 3] The manufacture approach of the bilayer flexible printed circuit board according to claim 2 
characterized by copper foil being electrolytic copper foil. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the bilayer flexible substrate which consists of a layer 

of polyimide, and a copper layer, and its manufacture approach. 

[0002] 

[Description of the Prior Art] Polyimide is useful to the application to the electronics field, and is used 
as the insulating film and protective coating to a semiconductor device top. Especially all aromatic 
polyimide is used abundantly from the outstanding thermal resistance, a mechanical property, and 
electrical characteristics at the flexible printed circuit board, the integrated circuit, etc. There are an 
approach of pasting up and manufacturing copper foil and a polyimide film through a glue line as the 
manufacture approach of a flexible printed circuit board, a method of obtaining a substrate by applying a 
polyimide precursor to copper foil and carrying out imide inversion of this, a method of obtaining a 
substrate by forming a copper layer by approaches, such as plating or a spatter, on a polyimide film, etc. 
In connection with the densification of current and an integrated circuit, it is necessary to form nearby 
low capacity about a flexible substrate, and, as for a flexible substrate, being formed from a bilayer is in 
use. 

[0003] The polyamide acid solution used for manufacture of a flexible printed circuit board It is what is 
manufactured by making aromatic series diamine and aromatic series tetracarboxylic dianhydride react 
in a solvent. For example, JP,36-10999,B, JP,62-275165,A, JP,64-5057,A, JP,2-38149,B, JP,2-38150,B, 
JP, 1-299871, A, JP,58-122920,A, JP,1-34454,B, JP,58-185624,A, Journal of Polymer Science, and 
Macromolecular Reviews Vol. 11 P. 199 (1976), A U.S. Pat. No. 4238528 specification, JP,3-4588,B, 
JP,7-30247,B, JP,7-41556,A, JP,7-62095,A, JP,7-133349,A, JP,7- 149896, A, JP, 6-2070 14, A, JP,7- 
17870,B, The thing using an aprotic polar solvent (1977) which is indicated by JP,7-17871,B, 
IBMTechnical Disclosure Bulletin Vol.20 No.6 P.2041, etc., Various solutions, such as a thing using the 
mixed solvent chosen from a water-soluble ether system compound which is indicated by JP,6-1915,A, a 
system compound alcoholic [ water-soluble ], a water-soluble ketone system compound, and water, are 
proposed. 

[0004] Moreover, as for the polyimide precursor as a solute in a polyimide precursor solution, various 
polymers are known besides the polyamide acid. For example, the polyamide acid ester which consists 
of the following general formula is indicated by Macuromolecules Vol.22 P.4477 (1989) and Polyimides 
and Other High Temperature Polymers.P.45 (1991). 
[0005] 
[Formula 4] 
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[0006] Moreover, the polyamide acid trimethylsilyl ester which consists of the following general 
formula is indicated by Macuromolecules Vol.24 P. 3475 (1991). 
[0007] 
[Formula 5] 



[0008] Furthermore, Journal of Polymer Science Part B Vol.8 P.29 (1970), Journalof Polymer Science 
Part B Vol.8 P. 559 (1970), and the Chemical Society of Japan The polyamide acid screw (diethyl 
amide) which consists of the following type is indicated by Vol. 1972 P. 1992 and Journal of Polymer 
Science Polymer Chemistry Edition Vol. 13 P.365 (1975). 
[0009] 
[Formula 6] 



[0010] Each these polyimide precursor mentioned above is the solution of a high-polymer polymer. In 
case a polyimide paint film is obtained from these polymers solution, by coating this polymer solution 
on base materials, such as copper and glass, and generally, heating it, removal and imide-izing of a 
solvent are performed and a polyimide paint film is obtained. However, in coating this high-polymer 
polymer solution, in order to consider as that polymerization degree, therefore the viscosity of the 
solution in which coating is possible, there was a problem that solute concentration had to be made low. 
Moreover, in order to raise productivity, when solute concentration is raised, the viscosity of a solution 
becomes high and there is also a trouble of stopping being able to carry out coating. Moreover, even if it 
could carry out coating and carried out coating to the surface roughening side of the copper foil which 
performed the surface roughening process for the height of the viscosity when manufacturing a bilayer 
flexible printed circuit board, a polyimide precursor did not fully invade to the inner, but there was a 
trouble of not fulfilling 1 .0 kg/cm by which a flexible printed circuit board is generally asked for peel 
strength. 

[001 1] Moreover, by the approach of vapor-depositing a metal layer and forming a bilayer flexible 
printed circuit board on the polyimide film which performed the surface roughening process as shown in 
a JP,5-259595,A official report etc., when there is a possibility that control of the thickness of a metal 
layer may be difficult and a problem may appear in the dependability as an electrical circuit, 
manufacture takes many processes and a large-scale facility. In order to conquer these problems, as 
shown in JP,4-274382,A, the attempt of introducing a functional group into polyimide and improving an 
adhesive property is made, but while this increases an adhesive property, it has the problem of spoiling 
the thermal resistance of a polyimide layer, and a dynamics property. Furthermore, when manufacturing 
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a bilayer flexible printed circuit board using a polymer solution, the polymer solution was intolerable to 
long-term preservation, and it was very difficult [ it / maintaining the polymerization degree ] to save for 
a long period of time. 
[0012] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is in view of the 
above-mentioned situation to offer the approach of manufacturing efficiently the bilayer flexible printed 
circuit board which has the polyimide layer excellent in kinetic property and thermal resistance, and 
moreover has high peel strength, and the bilayer flexible printed circuit board concerning a list. 
[0013] 

[Means for Solving the Problem] this invention persons find out having peel strength with the high 
bilayer flexible printed circuit board which the layer of the polyimide which has specific structure fully 
permeated to the inner of the surface roughening side of copper foil which performed the surface 
roughening process as a result of inquiring wholeheartedly that the above-mentioned technical problem 
should be solved. Again Such a bilayer flexible printed circuit board The polyimide precursor solution 
of high concentration and hypoviscosity which contains as a solute the salt which consists of diamine 
which has specific structure, and tetracarboxylic acid which has specific structure was applied on copper 
foil, and a header and this invention were reached [ being obtained by carrying out imide inversion of 
this, and ]. That is, it is the bilayer flexible printed circuit board which the summary of this invention 
was set to the 1st from the bilayer of the layer of aromatic polyimide, and a copper layer which has the 
following structure expression (1), and this bilayer has touched directly, and is characterized by the peel 
strength between bilayers being 1 or more kg/cm. 

[0014] — 

[Formula 7] 




(l) 



[0015] It is the manufacture approach of the bilayer flexible printed circuit board characterized by 
containing as a solute the salt set to the 2nd from the tetracarboxylic acid shown in the diamine shown in 
the following structure expression (2), and the following structure expression (3), applying the 
polyimide precursor solution whose solute concentration is 20 % of the weight or more and, whose 
viscosity is 50poise or less on copper foil, and subsequently carrying out imide inversion of the above- 
mentioned polyimide precursor. 
[0016] 
[Formula 8] 




[0017] 
[Formula 9] 
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[0018] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. First, the vocabulary 
used by this invention is explained. 

(1) Say the organic polymer in which more than 80 mol % of the repeat unit of a polyimide polymer 
chain has imide structure. And this organic polymer shows thermal resistance. 

(2) Say the organic compound which carries out a ring closure according to polyimide precursor heating 
or a chemical operation, and serves as polyimide. Here, a ring closure means that an imide ring structure 
is formed. 

(3) The polyimide solution polyimide precursor is dissolving in the solvent. Here, a solvent means a 
liquefied compound by 25-degreeC. 

(4) Measure the rotation viscosity in 20-degreeC using viscosity TOKIMEC [, INC. ], INC. make and a 
DVL-BII mold digital viscometer (Brookfield viscometer). 

(5) It is the numeric value which expressed with the percentage the weight rate of the polyimide 
precursor occupied in a solute concentration solution. 

(6) Peel strength JIS It measures according to C6481 (180-degree Peel). 

(7) Show an elevated temperature and advanced dimensional stability that heat-resistant thermal 
resistance is shown, and the line coefficient of thermal expansion to 250 degrees C is specifically 50 
ppm or less, and say the chemical stability in an elevated temperature, and that no chemical denaturation 
is specifically shown with heating to 400 degrees C. 

[0019] Next, the bilayer flexible printed circuit board of this invention is explained. The bilayer flexible 
printed circuit board in this invention consists of a bilayer of the layer of aroma group polyimide, and a 
copper layer which has a structure expression (1), the layer of aroma group polyimide and the copper 
layer have touched directly, and the peel strength between bilayers is 1 or more kg/cm. The thickness of 
a copper layer has desirable 1 microns or more, and its range of 2 to 100 microns is more desirable. 
Various engine performance when thickness forms wiring in a printed circuit board in less than 1 micron 
may fall. The thickness of the layer of polyimide has desirable 1 microns or more, and its 5 microns or 
more are more desirable. Less than 1 micron of thickness is [ the reinforcement as a substrate ] 
sometimes insufficient. 

[0020] Next, the manufacture approach of the bilayer flexible printed circuit board of this invention is 
explained. The salt which consists of tetracarboxylic acid which consists of diamine which consists of a 
structure expression (2), and a structure expression (3) is dissolving the polyimide precursor solution in 
this invention into a solvent as a solute. In the polyimide precursor solution in this invention, as long as 
it is the solvent which dissolves the salt which consists of tetracarboxylic acid which consists of diamine 
which consists of a structure expression (2) as a solvent, and a structure expression (3), what kind of 
solvent is sufficient. 

[0021] N-methyl pyrrolidone which is an aprotic polar solvent as a solvent, for example, N.N- 
dimethylformamide, N,N-dimethylacetamide, dimethyl sulfoxide, A hexa methyl FOSUFORA amide 
etc. is mentioned and it is an ether system compound. 2-methoxyethanol, 2-ethoxyethanol, 2-(methoxy 
methoxy) ethoxy ethanol, 2-isopropoxy ethanol, 2-butoxyethanol, tetrahydrofurfuryl alcohol, A 
diethylene glycol, the diethylene-glycol monomethyl ether, Diethylene glycol monoethyl ether, the 
diethylene-glycol monobutyl ether, Triethylene glycol, the Methylene glycol monoethyl ether, 
Tetraethylene glycol, l-methoxy-2-propanol, 1 -ethoxy-2-propanol, Dipropylene glycol, dipropylene 
glycol monomethyl ether, The dipropylene glycol monoethyl ether, tripropyllene glycol monomethyl 
ether, A polyethylene glycol, a polypropylene glycol, a tetrahydrofuran, Dioxane, 1, 2-dimethoxyethane, 
diethylene-glycol wood ether, They are diethylene-glycol diethylether and a system compound alcoholic 
[ water-soluble ]. A methanol, ethanol, 1-propanol, 2-propanol, tert-butyl alcohol, Ethylene glycol, 1, 2- 
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propanediol, 1,3-propanediol, 1,3-butanediol, 1, 4-ButaDiol, 2, 3-butanediol, 1,5-pentanediol, 2-butene- 
1, 4-diol, the 2-methyl -2, 4-pentanediol, 1 and 2, 6-hexane triol, diacetone alcohol, etc. can be 
mentioned, and what mixed these two or more sorts can be used. 

[0022] As a desirable example, combination, such as N-methyl pyrrolidone, the diethylene-glycol 
monomethyl ether and N-methyl pyrrolidone, a methanol and N-methyl pyrrolidone, and 2-methoxy 
ethanol, is especially mentioned as N, N dimethylacetamide, and a mixed solvent as an independent 
solvent among these solvents. 

[0023] The concentration of the polyimide precursor of the polyimide precursor solution in this 
invention has 20 desirable % of the weight or more. 25 % of the weight or more is more desirable, and 
30 % of the weight or more is still more desirable. Moreover, the viscosity of a polyimide precursor 
solution has desirable SOpoise or less, its 35poise or less is more desirable, and its 20poise or less is still 
more desirable. The polyimide precursor solution in this invention can be manufactured by adding the 
tetracarboxylic acid which becomes the diamine solution which consists of a structure expression (2) 
from a structure expression (3). 

[0024] Here, after manufacturing the solution of the diamine which has a structure expression (2) by 
making tetracarboxylic dianhydride and diamine react in the mixture of an aprotic polar compound and 
an ether system compound as a desirable example, the manufacture approach of the polyimide precursor 
solution which adds the tetracarboxylic acid which has a structure expression (3) is explained. First, the 
aromatic series tetracarboxylic dianhydride of a structure expression (4) and the aromatic series diamine 
of a structure expression (5) are made to react in the mixture of an aprotic polar compound and an ether 
system compound, and the solution of the diamine which has a structure expression (2) is manufactured. 



[0025] 

[Formula 10] 




[0027] The temperature of this reaction has desirable -30-60 degrees C, and is more desirable. [ of -20- 
40 degrees C ] 0.4-0.9 mols of tetracarboxylic dianhydride of the reaction of the tetracarboxylic 
dianhydride for obtaining the diamine shown with a structure expression (2) and diamine are desirable to 
one mol of diamines, and tetracarboxylic dianhydride is 0.45-0.8 mols to one mol of diamines more 
preferably. To one mol of diamines, if out of range, it is in the inclination which the diamine whose 
tetracarboxylic dianhydride is 0.4-0.9 mols, and which is shown with a structure expression (2) stops 
being able to acquire easily. Subsequently, the aromatic series tetracarboxylic acid of a structure 
expression (3) is added in the solution of the diamine of the above-mentioned structure expression (2). 
The addition rate of the aromatic series tetracarboxylic acid of a structure expression (3) has desirable 
0.95-1.05 mols to one mol of diamines of a structure expression (2), and good **** is 0.97-1.03 mols 
more. If out of range, it is in the inclination as for which the target salt whose addition rate of the 
aromatic series tetracarboxylic acid of a structure expression (3) is 0.95-1.05 mols becomes is hard to be 
obtained. 

[0028] In case the diamine solution which consists of a structure expression (2) is compounded, 
especially a limit may not have a monomer and the mixed sequence foreword of a solvent, and what 
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kind of sequence is sufficient as them. As a solvent, when using a mixed solvent, the diamine solution 
which consists of a structure expression (2) is obtained also by making each solvent dissolve or suspend 
a separate monomer, mixing them, and making it react by predetermined temperature and time amount 
under churning. Moreover, in said diamine solution, under churning, it is made a solution and the 
approach of adding the tetracarboxylic acid which consists of a structure expression (3) is added, be [ it / 
a solid-state / continue ]. Or in case the diamine which consists of a structure expression (2) is 
compounded, you may add to tetracarboxylic dianhydride and coincidence. 

[0029] After applying to the split face of copper foil the polyimide precursor solution obtained by the 
above approach by a bar coating machine etc., drying and removing a solvent, a bilayer flexible 
substrate is obtained by calcinating and carrying out imide inversion under an inert gas ambient 
atmosphere. Although especially a limit does not have the above-mentioned copper foil, especially 
electrolytic copper foil is preferably used from the point that the split face which was suitable for 
adhesion with the layer of polyimide in the point which is a high grade, and its manufacture process is 
formed. The coating thickness of a polyimide precursor solution changes in a suitable value with the 
concentration and viscosity of a solution. Moreover, the drying temperature after spreading changes in a 
suitable value with a solvent or solute concentration. More than 250-degreeC of burning temperature is 
desirable, and more than its 300-degreeC is more desirable. Under by 250-degreeC, imide inversion may 
become inadequate and various properties may fall. Twice or more, as a repetition line, actuation of 
spreading, desiccation, and imide inversion is good, and may use the polyimide precursor solution of 
another presentation in that case. 
[0030] 

[Example] Next, an example explains this invention concretely. 

After stirring this for example 1 p-phenylenediamine 10.61g and dimethylacetamide 120g for 30 \ 
minutes in iced water for a three-neck flask, 24.53g of biphenyl tetracarboxylic dianhydride was added, 
and stirring was performed at the room temperature for 1 hour. Subsequently, 4.86g of biphenyl 
tetracarboxylic acid was added, stirring was performed at the room temperature for 2 hours, 
subsequently 60-degreeC was taking a hot bath, stirring was performed for 3 hours, and the uniform 
polyimide precursor solution was obtained. The concentration of the obtained polyimide precursor 
solution was 25 % of the weight, and viscosity was 6.3poise. The above-mentioned polyimide precursor 
solution was applied to the split-face side of Fukuda Metal Foil & Powder electrolytic-copper-foil CF- 
T9, this was heat-treated for 60 minutes by 80-degreeC under nitrogen-gas-atmosphere mind, 
subsequently heat treatment was performed for 120 minutes by 360-degreeC, imide inversion of the 
polyimide precursor was carried out, and the bilayer flexible printed circuit board was obtained. The 
peel strength of the obtained bilayer flexible printed circuit board was l{06kgZcmr 
[0031] The polyimide precursor solution was obtained like the example 1 except having set the amount 
of example 2 dimethylacetamide to 93.33g. The concentration of the obtained polyimide precursor 
solution was 30 % of the weight, and viscosity was 33.5poise. The bilayer flexible printed circuit board 
was obtained like the example 1 below using the above-mentioned polyigaide precursor solution. The 
peel strength of the obtained bilayer flexible printed circuit board wa^(lT02kg/cm, 
[0032] After stirring this for example p phenylenediamine of comparison 3. Og, and dimethylacetamide 
50g for 30 minutes in iced water for a three-neck flask, 8.0g of biphenyl tetracarboxylic dianhydride was 
added, and it stirred until it became homogeneity at the room temperature, and the polyimide precursor 
solution was obtained. The concentration of the obtained polyimide precursor solution was 18 % of the 
weight, and viscosity was 1 lOpoise. The bilayer flexible printed circuit board was obtained like the 
example 1 below using the above-mentioned polyimide precursor solution. The peel strength of the 
obtained bilayer flexible printed circuit board was(0.75kg7cnp> 
[0033] 

[Effect of the Invention] The bilayer flexible printed circuit board of this invention has the layer of 
polyimide excellent in kinetic property and thermal resistance, and, moreover, has high peel strength. 
Moreover, according to the manufacture approach of this invention, this bilayer flexible printed circuit 
board can be manufactured efficiently. 
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